MicroRNAs (miRNAs) belong to a class of small noncoding RNAs that play important roles in the translational regulation of gene expression. A number of miRNAs are known to act as key regulators of diverse processes such as neuronal differentiation. In this study, we have attempted to identify novel miRNAs related to neuronal differentiation via microarray analysis in the human neuronal differentiation model neuroblastoma SH-SY5Y cells. We identified 15 up-regulated and eight downregulated miRNAs in SH-SY5Y cells treated with all-trans retinoic acid to induce differentiation. We further showed that one of the up-regulated miRNAs, miR664a-5p, promoted neuronal differentiation of SH-SY5Y cells. These findings enhance our understanding of the miRNAs involved in the process of neurogenesis and, in particular, highlight an important role of miR-664a-5p in SH-SY5Y cell neuronal differentiation. Further studies will be required to confirm the function of miR-664-5p in neuronal development and disease and to identify its relevant target genes. 
| INTRODUCTION
MicroRNAs (miRNAs) belong to a class of small noncoding RNAs that play important roles in the posttranscriptional regulation of gene expression (Bartel, 2004; Ji, Sun, & Su, 2017) . The single-stranded mature miRNAs elements, which are approximately 18-24 nucleotides in length, are incorporated into the RNA-inducing complex together with Argonaute to silence target mRNA usually through imperfect complementary base pairing to the 3′-untranslated region of mRNA, leading to the suppression of gene expression, destabilization of the target mRNA or both (Romero-Cordoba, Salido-Guadarrama, Rodriguez-Dorantes, & Hidalgo-Miranda, 2014; Schwarz et al., 2003) . miRNAs act as key regulators of diverse processes such as cell proliferation , development (Petri, Malmevik, Fasching, Akerblom, & Jakobsson, 2014) , apoptosis (Zhao et al., 2016) and cell differentiation (Luo, Nie, & Zhang, 2013; Stappert, Roese-Koerner, & Brustle, 2015) .
Recent reports have further showed that miRNAs are essential for neuronal function (Radhakrishnan & Anand Alwin Prem, 2016; Stappert et al., 2015) . For example, dicer mutant analysis has shown that miRNAs are required for brain development in mouse (De Pietri Tonelli et al., 2008) . In particular, miR-9-2/3 double mutant analysis has identified miR-9-2/3 as being important for proper telencephalic development in mouse (Shibata, Nakao, Kiyonari, Abe, & Aizawa, 2011) . In addition, miR-124a plays a role in the maturation of dentate gyrus neurons and retinal cone cells (Sanuki et al., 2011) . Numerous miRNAs are identified as being up-regulated in the brain (Shao et al., 2010) . In vitro analyses have shown that up-regulated and down-regulated miRNAs can be identified in human neuronal differentiation model (neuroblastoma SH-SY5Y) cells treated with all-trans retinoic acid (RA) for inducing neuronal differentiation (Beveridge, Tooney, Carroll, Tran, & Cairns, 2009; Goldie, Barnett, & Cairns, 2014; Meseguer, Mudduluru, Escamilla, Allgayer, & Barettino, 2011) . Furthermore, a direct relationship between miRNAs and neuronal differentiation has been shown. For example, miR-125b and miR-432 regulate the neuronal differentiation of SH-SY5Y cells (Das & Bhattacharyya, 2014; Le et al., 2009 ). In addition, miR-9 and miR-124 promote neuronal differentiation of mouse bone marrow-derived mesenchymal stem cells (Han et al., 2012; Zou, Chen, Han, Lv, & Tu, 2014) .
Over the past several years, numerous miRNA species have been reported. In particular, 1,105 miRNA species in Homo sapiens were deposited in miRBase 15 database in 2010; thereafter, 2,603 miRNA species were deposited in miRBase 21 database in 2014. In comparison, a previous analysis by Beveridge et al. examined the expression of only 319 miRNA species (Beveridge et al., 2009 ) whereas that by Meseguer et al. was limited to the expression of 667 miRNA species (Meseguer et al. 2011) . In addition, the expression of only 1,105 miRNA species was assessed in a microRNA array analysis based on miRBase 15 (Goldie et al., 2014) . Thus, the functions of the majority of recently discovered miRNAs remain unclear. To gain further insight into the role of miRNAs in the process of neuronal differentiation, in this study we examined the expression levels of 2,578 human mature miRNAs in SH-SY5Y cells treated with RA by microarray and RT-PCR analyses to identify novel miRNAs related to neuronal differentiation. Among the identified up-regulated miRNAs found in the miRNA expression analyses, we showed that miR-664a-5p was able to promote the neuronal differentiation of SH-SY5Y cells. These findings enhance our understanding of the miRNAs involved in the process of neurogenesis and, in particular, highlight an important role of miR-664a-5p in SH-SY5Y cell neuronal differentiation.
| RESULTS

| Profiling miRNA expression in SH-
SY5Y cells during neuronal differentiation
To identify novel miRNAs that regulate neuronal differentiation, the neuronal differentiation of neuronal-like SH-SY5Y cells was induced by RA. Slight neurite outgrowth was observed after 2 days and became apparent after 14 days ( Figure S1a ). Furthermore, we assessed the mRNA expression levels of the neuronal markers MAPII, nestin, laminin, RET, SYT5, NTRK2 and CNR1 in RA-treated SH-SY5Y cells by quantitative real-time reverse transcription PCR (qRT-PCR) ( Figure S1b ). Neuronal marker up-regulation was observed in cells treated with RA for 2 and 14 days, indicating that RA induced neuronal differentiation in SH-SY5Y cells.
Next, we examined the miRNA expression levels in undifferentiated and differentiated SH-SY5Y cells after 2 and 14 days of RA treatment. We profiled the expression levels of 2578 mature miRNAs by miRNA microarray. Table 1 shows the miRNAs that exhibited twofold change in RA-treated SH-SY5Y cells in comparison with the nontreated cells in two independent experiments. We found that eight miRNAs were up-regulated and two were down-regulated in the cells treated with RA for 2 days and that 15 miRNAs were up-regulated and 12 were down-regulated after 14-day treatment.
To validate the microarray analysis, we further confirmed the expression levels of 16 up-regulated miRNAs and 12 down-regulated miRNAs using qRT-PCR (Figure 1 ). Changes in miRNA expression related to neuronal differentiation were categorized into five groups (Figure 1a) . The expression of miR-135a-3p and miR-212-5p increased until day 14 ( Figure 1a ; group (i) and Figure 1b) . The expression of miR-124-3p, miR-132-3p, miR-210-3p, miR-212-3p and miR-664a-5p increased on day 2 and retained similar expression levels until day 14 ( Figure 1a ; group (ii) and Figure 1b) . The expression of miR-3178, miR-3185, miR-3195, miR-4634, miR-4734, miR-4741, miR-6068 and miR-8069 did not change by day 2 but then increased on day 14 ( Figure 1a ; group (iii) and Figure 1b) . The expression of miR-490-5p decreased until day 14 ( Figure 1a ; group (iv) and Figure 1c ). The expression of miR-18a-5p, miR-296-3p, miR-346, miR-708-5p, miR-766-3p, miR-766-5p and miR-873-3p decreased on day 2 and retained the same expression levels until 14 day (Figure 1a ; group Genes to Cells
(v) and Figure 1c ). These results suggest that these 15 upregulated miRNAs and eight down-regulated miRNAs are related to the neuronal differentiation of SH-SY5Y cells. Conversely, the expression of miR-18a-3p, miR-23b-5p, miR-92a-3p, miR-93-3p and miR-3937 did not change significantly ( Figure 1d ).
| miR-664a-5p mimic promotes neuronal differentiation of SH-SY5Y cells
We subsequently focused on the 15 miRNAs up-regulated during neuronal differentiation (Figure 1b ). Previous reports show that miR-135a-3p (Meseguer et al. 2011 ), miR-212-5p (Zhuang et al., 2015) , miR-124-3p (Le et al., 2009 ), miR-132-3p (Meseguer et al. 2011 ), miR-210-3p (Huang et al., 2009 ) and miR-212-3p (Meseguer et al. 2011 ) are closely related to neuronal differentiation. Furthermore, miR-124-3p promotes neuronal differentiation of P19 cells posttreated with RA (Makeyev, Zhang, Carrasco, & Maniatis, 2007) , and miR-132-3p promotes neurite outgrowth of neonatal rat cortical neurons (Vo et al., 2005) . As no data were available for nine miRNAs that were related to neuronal differentiation, that is, miR-664a-5p, miR-3178, miR-3185, miR-3195, miR-4634, miR-4734, miR-4741, miR-6068 and miR-8069, we focused on miR-664a-5p, which was the most strongly up-regulated among these miRNAs. We suggested that miR-664a-5p might promote neuronal differentiation of SH-SY5Y cells. To address this hypothesis, SH-SY5Y cells were transfected with an miR-664a-5p mimic or miRNA mimic control according to the scheme shown in Figure 2a . We subsequently carried out immunocytochemistry for MAPII as a neuron-specific marker to observe the neuronal differentiation of the cells ( Figure 2b ). As shown in Figure 2c , the proportion of MAPII-positive cells greater than 20 μm in length among cells treated with miRNA mimic control was increased upon RA treatment (0.13 vs. 0.32, respectively). The neuronal differentiation efficiency by RA appeared to be slightly decreased through the influence of Lipofectamine. Notably, the proportion of MAPII-positive cells was significantly increased following transfection with the miR664a-5p mimic in comparison with the miRNA mimic control (49% vs. 13%, respectively). The average cell length including neurites in the cells transfected with the miR-664a-5p mimic was also enhanced in comparison with that of the miRNA mimic control (49.5 vs. 31.4 μm, respectively) (Figure 2d) . Furthermore, the mRNA expression levels of six neuronal markers in the cells transfected with miR-664a-5p mimic were increased in comparison with those of the miRNA mimic control (Figure 2e ). In addition, neuronal differentiation of cells with neurite outgrowths and mRNA expression of neuronal markers were facilitated by the combination of miR-664a-5p mimic and RA in comparison with that of the miRNA mimic control with RA (Differentiation Medium+664a-5p, shown in Figure 2c -e). These results indicate that the miR-664a-5p mimic promotes the neuronal differentiation of SH-SY5Y cells.
F I G U R E 2
GM+control, growth medium with miRNA mimic control; DM+control, differentiation medium with miRNA mimic control; GM+664a-5p, growth medium with the miR-664a-5p mimic; DM+664a-5p, differentiation medium with the miR-664a-5p mimic. Scale bar = 50 μm. (c) Percentage of MAPII-positive cells that were longer than 20 μm, counted on day 7. Data are the means ± SEM of three independent experiments. (d) Average cell lengths of differentiated SH-SY5Y cells that were MAPII-positive and longer than 20 μm were measured. Data are the means ± SEM of three independent experiments. (e) Relative mRNA expression levels of neuronal markers nestin, laminin, RET, SYT5, NTRK2 and CNR1 as analyzed by qRT-PCR. Relative mRNA expression levels as normalized to miRNA mimic control-treated cells. The cDNA of GAPDH was used as an internal control. *p < .05; p-values were calculated using a Student's t test by comparing miRNA mimic control with miR664a-5p mimic. **p < .05; comparing growth medium with the miR-664a-5p mimic with differentiation medium with the miR-664a-5p mimic. ***p < .05; comparing differentiation medium with the miRNA mimic control with differentiation medium with the miR-664a-5p mimic. White bars, differentiation medium with the miRNA mimic control; black bars, growth medium with the miR-664a-5p mimic; gray bars, differentiation medium with the miR-664a-5p mimic. Data are the means ± SEM of three independent experiments. (f) Images of SH-SY5Y cells stained for MAPII (red) and DAPI (blue) on day 7. GM+inhibitor control, growth medium with miRNA hairpin inhibitor control; DM+inhibitor control, differentiation medium with miRNA hairpin inhibitor control; DM+664a-5p inhibitor, differentiation medium with miR-664a-5p hairpin inhibitor. Scale bars = 50 μm. (g) Percentage of MAPII-positive cells that were longer than 20 μm, as counted on day 7. Data are the means ± SEM of three independent experiments. (h) Average cell lengths of differentiated SH-SY5Y cells, which were positive for MAPII and were cell length longer than 20 μm, were measured. Data are the means ± SEM of three independent experiments. (i) Relative mRNA expression levels of up-regulated nestin, laminin, RET, SYT5, NTRK2 and CNR1 were analyzed using qRT-PCR. The mRNA expression levels were normalized to those of miRNA hairpin inhibitor control-treated cells. The cDNA of GAPDH was used as an internal control. *p < .05; p-values were calculated using a Student's t test by comparing differentiation medium with miRNA hairpin inhibitor control with differentiation medium with miR-664a-5p hairpin inhibitor. White bar, differentiation medium with miRNA hairpin inhibitor control; black bar, differentiation medium with miR-664a-5p hairpin inhibitor. Data are the means ± SEM of three independent experiments. In (c), (d), (g) and (h), *p < .05; p-values were calculated using a Student's t test | Genes to Cells WATANABE ET Al.
| miR-664a-5p hairpin inhibitor suppresses neuronal differentiation of SH-SY5Y cells
To exclude the possibility that neuronal differentiation of SH-SY5Y cells may have been mediated by off-target effects of the miRNA mimic, SH-SY5Y cells were transfected with a miR-664a-5p hairpin inhibitor or miRNA hairpin inhibitor control. We subsequently carried out immunocytochemistry for MAP2 to observe the cells having undergone neuronal differentiation ( Figure 2f ). As shown in Figure 2g and h, the miR-664a-5p hairpin inhibitor with RA induced a significant decrease in both MAPII-positive cells and average cell length in comparison with the miRNA hairpin inhibitor control with RA. Furthermore, mRNA expression levels of the six neuronal markers in miR-664a-5p hairpin inhibitor-treated cells in the presence of RA were suppressed compared with those in RA-treated miRNA hairpin inhibitor control-treated cells (Figure 2i ). These results suggest that the miR-664a-5p hairpin inhibitor suppressed neuronal differentiation of SH-SY5Y cells.
To validate the suppression of miR-664a-5p by the miR664a-5p hairpin inhibitor, mRNA expression levels of the upregulated neuronal markers SYT5, NTRK2 and CNR1 were determined in cells treated with the miR-664a-5p mimic and those were treated with the miR-664a-5p mimic and the miR-664a-5p hairpin inhibitor. mRNA expression levels of SYT5 and NTRK2 in the cells cotransfected with miR664a-5p mimic and miR-664a-5p inhibitor were suppressed in comparison with those of the miR-664a-5p mimic ( Figure  S2 ). In addition, neuronal differentiation was suppressed in RA-treated cells transfected with miR-664a-5p inhibitor (Figure 2f-i) . These results indicate that miR-664a-5p inhibitor suppressed the function of up-regulated miR-664a-5 in RA-treated cells. These results agree with the promotion of neuronal differentiation by miR-664a-5p in SH-SY5Y cells (Figure 2b-i) .
| DISCUSSION
Herein, we identified 15 up-regulated miRNAs and eight down-regulated miRNAs during neuronal differentiation of SH-SY5Y cells. Among the 15 up-regulated miRNAs, the expression of two miRNAs increased until day 14 (group (i)), the expression of five miRNAs increased on day 2 and retained their expression levels until day 14 (group (ii)), and the expression of eight miRNAs did not change by day 2 but then increased on day 14 (group (iii)). Among the eight down-regulated miRNAs, the expression of one miRNA decreased until day 14 (group (iv)) and the expression of seven miRNAs decreased on day 2 and maintained their expression levels until day 14 (group (v)). Among these differentially expressed miRNAs, miR-664a-5p, miR-3178, miR-3185, miR-3195, miR-4634, miR-4734, miR-4741, miR-6068 and miR-8069 likely represented newly identified miRNA species related to the neuronal differentiation of SH-SY5Y cells.
Previous studies have reported that miR-124-3p and miR-132-3p belonging to group (ii) promote the neuronal differentiation (Makeyev et al., 2007; Vo et al., 2005) . Our results are concurrent with those of these studies, suggesting that miRNAs belonging to groups (i), (ii), (iv) and (v) probably related to the induction and enhancement of neuronal differentiation. To induce neuronal maturation, the sequential expression of HERG and IRK is important in modulating extracellular K+ concentration, for example, in SH-SY5Y cells, long-term RA exposure changes ion channel densities owing to up-regulation of IRK1 (Arcangeli et al., 1998) . miRNAs up-regulated by long-term RA exposure belonging to groups (i) and (iii) might be associated with changes in ion channel densities.
We chose to induce neuronal differentiation by RA in the current study because of the simplicity and prevalence of this method. Conversely, Goldie et al. has insisted that a model of sequential treatment with RA followed by brain-derived neurotrophic factor (BDNF) is more physiological (Goldie et al., 2014) . To understand the detailed neuronal differentiation mechanism effected by miRNAs, it would thus be important to further investigate BDNF-mediated regulation of the expression of up-and down-regulated miRNA species identified in RA-treated cells.
The identification of direct target genes of miR-664a-5p is also important to elucidate the mechanism underlying miR-664a-5p-mediated neuronal differentiation in SH-SY5Y cells. We suggested that miR-664a-5p target genes may also be involved in neuronal differentiation and that these genes would be down-regulated during this process. Thus, we extracted mRNAs down-regulated on both day 2 and day 5 from microarray data of mRNA expression in RA-treated SH-SY5Y cells (GEO accession: GSE9169) (Nishida et al., 2008) . Among them, miR-664a-5p target genes were further extracted through target prediction using four databases: Targetscan (Agarwal, Bell, Nam, & Bartel, 2015) , miRDB (Wong & Wang, 2015) , RNA22 (Miranda et al., 2006) and DIANA-microT (Paraskevopoulou et al., 2013) . As a result, five genes, INSM, FLT1, FAT3, EDIL3 and DCX, were predicted as targets of miR-664a-5p. In addition, nine genes, IDH2, DNAJC18, RAB39B, GOLGA2, TROVE2, COMMD2, GINS1, ACPL2 and RAD51C, were predicted by Wang's group (Kyoto University), based on the microRNA.org database (Betel, Wilson, Gabow, Marks, & Sander, 2008) and their microarray analysis data of mRNA expression levels in RA-treated SH-SY5Y cells. qRT-PCR analysis showed that INSM, FAT3, EDIL3 and DCX mRNAs were down-regulated in cells treated with the miR-664a-5p mimic ( Figure S3a) , which was concurrent with their prediction. However, the Genes to Cells
expression levels of these four mRNAs in the cells treated with the miR-664a-5p hairpin inhibitor and RA were similar to those in the cells treated with RA ( Figure S3b) ; this was in contrast with the predicted effect and suggests that these mRNAs may not be direct targets of miR-664a-5p. Thus, further studies, such as mRNA microarray analysis with miR664a-5p mimic and miR-664a-5p inhibitor-treated cells, are warranted.
The expression of miR-664a-5p is decreased in the peripheral blood of patients with schizophrenia compared with healthy controls (Yu et al., 2015) , which is notable as schizophrenia is considered as a developmental disorder of disrupted neuronal connectivity. In addition, the miRmine database (http://guanlab.ccmb.med.umich.edu/mirmine/) confirms that miR-664a-5p is expressed in many types of tissues and highly expressed in the brain. Together with our results, these data suggest that miR-664a-5p is likely important for neuronal differentiation. Future studies are warranted to better understand the detailed roles of the identified miRNAs in neuronal development and disease and to ascertain the contribution of miR-664a-5p to the maintenance as well as establishment of neuronal differentiation.
| EXPERIMENTAL PROCEDURES
| Cell culture and differentiation conditions
SH-SY5Y cells (DS Pharma Biomedical, Osaka, Japan) were seeded onto collagen-coated dishes (Corning, Cambridge, MA, USA) and maintained in Dulbecco's modified Eagle's medium F12 (1:1) medium (Nacalai Tesque, Kyoto, Japan) supplemented with 10% heat-inactivated fetal bovine serum (Sigma, St. Louis, MO, USA) and 1% penicillin-streptomycin (Gibco, Gaithersburg, MD, USA) at 37°C in an atmosphere of 5% CO 2 . This medium is hereafter termed "growth medium." For differentiation, the cells were given fresh growth medium in the presence of RA (Wako Pure Chemical Industries, Osaka, Japan) at a final concentration of 30 μm. This medium is hereafter termed "differentiation medium." The differentiation medium was replaced every 2 days.
| qRT-PCR for mRNA
Total RNA was extracted using an RNeasy Plus Mini kit (Qiagen, Hilden, Germany) in accordance with the manufacturer's instructions. The mRNAs were reverse-transcribed into cDNAs using a PrimeScript RT reagent kit with gDNA eraser (TaKaRa, Otsu, Japan). The DNA was amplified in a StepOne real-time PCR system (Applied Biosystems, Foster City, CA, USA) using the KOD SYBR qPCR Mix (Toyobo, Osaka, Japan) with specific oligo primers in accordance with the manufacturer's instructions. Primer sequences are listed in Table S1 in Supporting information. Relative expression levels of the neuronal markers microtubule-associated protein II (MAPII), nestin, laminin, ret proto-oncogene (RET), synaptotagmin V (SYT5), neurotrophic tyrosine kinase receptor 2 (NTRK2) and cannabinoid receptor 1 (CNR1) were measured. The cDNA of glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as an internal control.
| miRNA microarray analysis
Total RNA was extracted from nontreated or RA-treated SH-SY5Y cells using an RNeasy Plus Mini kit for miRNA microarray analysis. The following procedures for the miRNA microarray analyses were carried out by Filgen Inc. (Nagoya, Japan). The quality of total RNA was assessed using a spectrophotometer (Implen GmbH, Munich, Germany) and an Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA, USA). RNA was labeled using a FlashTag Biotin HSR RNA labeling kit (Affymetrix, Santa Clara, CA, USA) in accordance with the manufacturer's instructions. Labeled RNA was hybridized on a GeneChip miRNA 4.0 Array (Affymetrix) at 48°C for 18 hr, and then, the microarrays were washed using a GeneChip Fluidics Station 450 (Affymetrix). Microarrays were scanned in a GeneChip Scanner 3000 7G (Affymetrix) in accordance with the manufacturer's instructions. Microarray data related to this study are available from the GEO database (accession number: GSE94447). The analyses were carried out as two independent experiments. The first experiment was carried out as a single assay. The second experiment was carried out in duplicate, and miRNA expression levels were averaged.
| qRT-PCR for miRNA expression analysis
The miRNAs extracted using the RNeasy Plus Mini kit were reverse-transcribed into cDNA using a miScript II RT kit (Qiagen). The DNA was amplified in a StepOne system using a miScript SYBR Green kit (Qiagen) with specific oligo primers. Primer sequences are listed in Table S2 . The cDNA of U1 snRNA was used as an internal control. The experiments were carried out in triplicate.
4.5 | Transfection of a miRNA-664a-5p mimic and miRNA-664a-5p hairpin inhibitor
The miRNA-664a-5p mimic, miRNA mimic control, miRNA-664a-5p hairpin inhibitor and miRNA hairpin inhibitor control were purchased from Dharmacon (Lafayette, CO, USA). SH-SY5Y cells were transfected with 10 nm miRNA664a-5p mimic or 10 nm miRNA-664a-5p hairpin inhibitor using Lipofectamine RNAi max (Invitrogen, Carlsbad, CA, USA) for 24 hr at 37°C under an atmosphere of 5% CO 2 according to the manufacturer's instruction. As control experiments, the cells were also transfected with the miRNA mimic control or miRNA hairpin inhibitor control. On the next day, the medium was replaced with fresh growth medium or differentiation medium. The cells were again transfected with miRNA mimic or miRNA hairpin inhibitor in growth medium or differentiation medium after 2 days. On the next day, the medium was replaced with fresh growth medium or differentiation medium, and the cells were cultured for an additional 2 days.
| Immunocytochemistry
Immunocytochemistry was carried out as described previously (Watanabe, Ijiri, & Ohtsuki, 2014) . Rabbit monoclonal anti-MAPII (dilution 1:200) was purchased from Cell Signaling Technology (Danvers, MA, USA). Alexa 647-conjugated secondary antibodies were purchased from Invitrogen and 4′, 6-diamidino-2-phenylindole (DAPI) was obtained from Dojindo (Kumamoto, Japan). The stained cells were examined using a confocal microscope (FV-1000; Olympus). MAPII-positive cell length was measured using Fluoview software (Olympus). More than 200 cells were counted in each experiment. The experiments were carried out in triplicate.
| Functional validation of the miR-664a-5p hairpin inhibitor
SH-SY5Y cells were transfected with 10 nM miRNA664a-5p mimic and/or 10 nM miRNA-664a-5p hairpin inhibitor using Lipofectamine RNAi max for 24 hr at 37°C at 5% CO 2 in accordance with the manufacturer's instructions. As a control experiment, the cells were also transfected with the miRNA mimic control. Next day, the medium was replaced with fresh growth medium, and then, the cells were cultured for an additional day.
| Research of miR-664a-5p direct target
Total RNA was extracted from the cells treated with the miR664a-5p mimic or with the miR-664a-5p hairpin inhibitor and RA using RNAiso Plus (Takara Bio, Shiga, Japan) in accordance with the manufacturer's instructions. As a control sample, total RNA was extracted from the cells treated with the miRNA mimic control or with the miRNA hairpin inhibitor control and RA. The mRNAs were reverse-transcribed into cDNAs using a PrimeScript RT reagent kit with gDNA eraser. The DNA was amplified in a StepOne real-time PCR system using the KOD SYBR qPCR Mix with specific oligo primers in accordance with the manufacturer's instructions. Primer sequences are listed in Table S1 . Relative mRNA expression levels of INSM, FLT1, FAT3, EDIL3 , DCX, IDH2, DNAJC18, RAB39B, GOLGA2, TROVE2, COMMD2, GINS1, ACPL2 and RAD51C were determined and normalized to that of GAPDH.
